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PCRABSTRACT
Objective: To molecularly identify Nosema species in provinces of Isfahan, Fars,
Chaharmahal and Bakhtiari.
Methods: One hundred and eighty adult honey bees suspected with nosemosis from
provinces of Fars (different counties), Isfahan, and Chaharmahal and Bakhtiari were
tested. In order to determine the species of Nosema, previously developed PCR and
primers based on 16S rRNA gene were used. PCR products were puriﬁed and sent to the
Korean company of Macrogen for sequencing.
Results: Only Nosema ceranae was determined in all samples based on their molecular
proﬁle. Sequences of the 16S rRNA gene were sent to GenBank/NCBI (samples acces-
sion numbers KP318660–KP318663).
Conclusions: This species currently exists in European honeybee apiaries of Apis mel-
lifera in the studied provinces.1. Introduction
Species of Microsporidia are opportunistic, intracellular and
spore-producing parasites that infect all types of animals in nature.
Nosema is one of the microsporidian species and has been
increasingly proposed as the most important pathogen factor in
insects. Two species, namely, Nosema apis (N. apis) and Nosema
ceranae (N. ceranae) have been shown to infect the midgut
epithelial cells in honeybees [1]. Infection with Nosema has
signiﬁcant negative impacts on honeybees, causing dysentery,
shortened lifetime of honeybees, delayed fertility of queens, and
colony size reduction [1]. Over the last 10 years, an increase in
microsporidian parasite infections in the European honeybee
[Apis mellifera (A. mellifera)] has been detected in several
European countries [2,3]. Also, beekeepers have reported
increasing honeybee colony death and low production in the
same areas [4]. N. ceranae, originally found in Asian honey bees[Apis cerana (A. cerana)], is highly pathogenic and is now a
common cause of infection in European honey bees [1]. This
phenomenon is very surprising for beekeepers because the
seasonal phenology of N. ceranae is different from that of
N. apis, causing more effective and signiﬁcant problems for
beekeepers in warm climates and in summer months [1]. The
most important difference between two species of Nosema is
that N. ceranae can cause death in colony more quickly. Honey
bees can die 8 days after infection with N. ceranae which is
faster than infection with N. apis. It seems that the foraging
behavior of bees is mostly affected. Bees leave the colony and
are very weak to return, thus dying in the ﬁeld around the
colony [4]. The proportion of non-returning bees has been evalu-
ated, in which a loss of 19% infected bees was observed as
compared with 7% of a control group, while the distance was only
30 m, which is very short as compared with the foraging distances
of honey bees [mean foraging distance: 1000 m in May, 5500 m
in August; mean: 1543 m (range: 62–10000 m)] [5,6].
Nosema infection has been shown to cause economic and
biological damage in colonies, and due to the difﬁculty in dis-
tinguishing between Nosema species, molecular and epidemio-
logical studies have been conducted in different geographical areas
to identify the species seemed essential [1]. However, it is difﬁcult
to morphologically distinguish between N. ceranae and N. apisarticle under the CC BY-NC-ND license (http://
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lecular methods are best to distinguish between Nosema species.
The PCR technique is very sensitive for detecting micro-
sporidian infection because it enables detection of the parasite at
very low levels of infection and can identify all stages of the
microsporidian life cycle [4].
An increase in microsporidian infections in the European
honey bee (A. mellifera) has been detected in Iran in the last 3
years [4]. There is a relationship between N. ceranae and colony
collapse disorder, as reported by several researchers [7,8]. As
pointed out in a study, the different causes of colony collapse
disorder should not be ignored [4].
Most investigators in America found that N. apis is more
related to colony collapse disorder than N. ceranae. There are
indications that N. ceranae may play a key role in colony
collapse disorder and it most likely collaborates with other
pathogenic agents or conditions [9].
Further investigation showed that the disease caused by
N. ceranae is far more common than that caused by N. apis in its
new host, and N. ceranae has been shown to be highly patho-
genic to European honey bees [10].
It has been reported that the only agent of nosemosis in Iran is
N. apis [11,12]. The prevalence of nosemosis in European honey
bees in Mazandaran Province was studied by Nabian et al. They
observed that N. ceranae is the only species of Nosema in
Mazandaran Province [4]. In a study by Razmaraii et al. on
Nosema, the prevalence of nosemosis in East Azerbaijan was
investigated [1]. They observed N. ceranae as the only species
of Nosema in the province of East Azerbaijan [1].
While N. ceranae has successfully invaded a new host, there
is a dearth of information regarding microsporidian infection in
A. cerana, and the original host of N. ceranae [11].
Nosema is transmitted horizontally. Although it is not gener-
ally considered as highly virulent, N. apis is thought to be
epidemic, and cause signiﬁcant economic losses [13]. Nosema
infection signiﬁcantly increased worker bee mortality, but had
no inﬂuence on food consumption. Spore intensity and infection
mortality caused by N. ceranae is considerably greater than that
caused by N. apis [14]. This supports claims that N. ceranae
could be one stressor responsible for elevated colony losses that
have been observed recently [15–17]. The production of high
spores could be a mechanism by which apparent rapid extension
of this horizontally-introduced Nosema occurred [14].
Hence, nosemosis is often referred to as “the silent killer”,
because there are no obvious signs of disease and as such, diag-
nosis is difﬁcult [18]. The provinces of Isfahan, Fars, Chaharmahal
and Bakhtiari are important in the beekeeping industry of the
country. Therefore, this study was carried out to detect the
microsporidians (N. apis and N. ceranae) from honey bee in the
aforementioned provinces using the PCR method.
2. Materials and methods
2.1. Sample collection
In this study, 60 honey bees collected in the Parasitology
Laboratory of General Veterinary Ofﬁce of Fars Province and
suspected with nosemosis were sent to the laboratory of counties
of Kazeroon, Lar, Mamasani and Meymand. Also, in collabora-
tion with the Veterinary Organization of Chaharmahal and Bakh-
tiari and Isfahan provinces, 120 suspicious honey bees of these
two provinces were prepared and transferred to the laboratory.2.2. Spore detection
In total, 180 adult honey bees suspected with nosemosis were
macerated in 100 mL of distilled water. The suspension was
ﬁltered and centrifuged at 1000 r/min for 20 min, and the su-
pernatants were removed, then the sediment was transferred into
1.5 mL of distilled water, so that the presence of spores of
Nosema was examined using light microscopy (magniﬁca-
tion, 400×). The obtained spores were stored at −20 C [1,4].
2.3. DNA extraction
The total genomic DNA was extracted from 100 mg spores
material using a DNA extraction kit (BioFlux, China) following
the manufacturer's instructions. The puriﬁed total DNA was
quantiﬁed by gel electrophoresis. Negative control samples,
including healthy bees, were tested as well.
2.4. PCR design methodology
The primers designed for this study were based on the 16S
rRNA gene because of given gene sequence of N. ceranae
(samples accession numbers KP318660–KP318663) available in
the GenBank/NCBI database. Speciﬁc primers were selected for
both N. apis and N. ceranae taking into account that primer
sequences are speciﬁc to each of the two Nosema species.
The selected primers were 321APIS (F50-GGGGGCATGT
CTTTGACGTACTATGTA-30), 321APIS (R50-GGGGGGCGT
TTAAAATGTGAAACAACTATG-30) and NAF (50-CCATTG
CCGGATAAGAGAGT-30), NAR (50-CCACCAAAAACTCC
CAAGAG-30) for N. apis and 218CERANAE (R50-CGGCGA
CGATGTGATATGAAAATATTAA-30), 218CERANAE (F50-
CGGCGACGATGTGATATGAAAATATTAA-30) and NCF
(50-CGGATAAAAGAGTCCGTTACC-30), NCR (50-TGAG-
CAGGGTTCTAGGGAT-30) for N. ceranae [1,4]. The 20 mL of
PCR volume contained 0.8 mmol/L of each primer, 0.5 mmol/L
each of deoxyadenosine triphosphate, deoxycytidine triphos-
phate, deoxyguanosine triphosphate and deoxythymidine triphos-
phate, 1.5 mmol/L MgCl2, 1× buffer, 0.2 IU Taq DNA
polymerase and 4 ng of Nosema template DNA. Ampliﬁca-
tion was performed in an Eppendorf Mastercycler gradient
thermalcycler under following conditions: predenaturation
stage at 94 C for 3 min, followed by 35 cycles at 94 C for
30 s, 57 C for 30 s, 72 C for 1 min, and then followed by
an extension stage of 5 min at 72 C. Ampliﬁcation products
were separated by electrophoresis on 1.4% agarose gels. The
gels were stained with ethidium bromide and photographed
using an UV gel documentation system (UVI technology). A
100 bp DNA ladder was used as a size standard.
DNA was puriﬁed using a DNA puriﬁcation kit (BioFlux,
China) [4]. The puriﬁed DNA products were used for sequencing
insert with both forward and reverse primers M13. Sequencing
was performed by a company of Macrogen from Korea. The
N. ceranae and N. apis sequences were aligned and compared
using data from GenBank. Sequence analyses were performed
using data available in NCBI.
3. Results
The honey bee samples were investigated using PCR for 16S
rRNA gene of Nosema species. The ampliﬁed DNA fragment
showed that the extraction of DNA from the samples was
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Isfahan, Meymand, Mamasani, Kazeroon and Shahre Kord
counties (Table 1). N. apis was not detected in any of the sam-
ples. In this study, the 16S rRNA gene was successfully applied
to detect Nosema. Also, the differentiation of N. apis and
N. ceranae was easy through the application of the mentioned
primer pairs (NC, 218CERANAE and NA, 321APIS primers).
The sizes of ampliﬁed products ranged from approximately 189
to 200 bp and the expected amplicon sizes (218 bp for
N. ceranae) and sequences were yielded. In agarose gels, neither
undesirable amplicons nor primer interaction were detected. The
sequences of 16S rRNA gene were used to investigate diagnosis,
and the PCR products were sequenced and submitted to Gen-
Bank/NCBI (accession numbers of samples of Isfahan Prov-
ince, Kazeroon, Mamasani and Shahre Kord were KP318662,
KP318660, KP318663 and KP318661, respectively).Table 1
Analysis of PCR for DNA extraction based on 16S rRNA using NA, 321APIS primers for N. apis and NC, 218CERANAE primers for N. ceranae.
Species Primers Meymand Kazeroon Lar Shahre Kord Isfahan Mamasani Control samples
N. apis NA – – – – – – –
321APIS – – – – – – –
N. ceranae NC – + – + + + –
218CERANAE + + – + + + –
−: Absence; +: Presence.The sequences were compared with those of related species
obtained from GenBank and the sequences obtained were
conﬁrmed by N. ceranae diagnosis.
The BLAST search against GenBank observed the highest
similarity (99% or 93%) with N. ceranae 16S rRNA sequence.
The presence of N. ceranae was detected in all samples from
Meymand, Mamasani, Kazeroon and Shahre Kord counties and
Isfahan Province.
The results of this study showed that Nosema in provinces of
Fars, Isfahan and Chaharmahal and Bakhtiari is exclusively
N. ceranae.
4. Discussion
The prevalence of N. ceranae and N. apis was 61% and 28%,
respectively in China, but in Taiwan, the prevalence was 73%
and 33% for N. ceranae and N. apis [10]. The prevalence rates of
N. apis and N. ceranae in Slovakia were 90.9% and 9.1%,
respectively. In 2009 and 2010, a gradual increase in the
prevalence of N. ceranae and decrease in prevalence of
N. apis were recorded in Slovakia [19]. The only species found
in different climatic regions of Croatia was N. ceranae [18].
Bourgeois et al. suggested that the only sample prepared from
the midgut is suitable for molecular analysis and detection of
Nosema species [20]. They observed a prevalence rate of
N. apis and N. ceranae and co-infection of both species dur-
ing different seasons of the year. N. ceranae was identiﬁed in the
months of June and July. In April, N. apis was identiﬁed. In the
months of May, July and August, there was co-infection of both
species [21]. The prevalence of Nosema species detected by light
microscopy method was 58.1%, and by PCR method it was
67.1% in East Azerbaijan Province. The only species detected
was N. ceranae [1]. The only reported microsporidian species
removed from honey bee samples in Mazandaran was
N. ceranae [4].In Canada, the reproduction of Nosema species, the effects of
N. apis and N. ceranae and the co-infection of both species in
European honeybee were investigated. N. ceranae had signiﬁ-
cantly the greatest infection intensity and host mortality; mor-
tality due to N. apis was similar to that caused by co-infection,
and spore intensity was reduced probably due to inter-speciﬁc
competition [14].
Studies have investigated the exclusive competition of intra-
cellular gut parasites (microsporidian) and the spread of infections
emanating from European honey bees in Germany. They provided
a clear evidence of competition between microsporidian species,
N. apis and N. ceranae, in host of A. mellifera. Infection is an
important determinant of the result of competition between
microsporidian species; the ﬁrst microsporidian signiﬁcantly in-
hibits the growth of the second microsporidian, regardless of
species [22].The results of previous studies on Nosema species in Iran and
other countries are consistent with those of this research.
The results of this study indicated that N. ceranae was
transferred from A. cerana to A. mellifera and was not limited to
its original host, but distributed in the study region. These results
have been reported in various studies in different regions of the
world [1,14,23,24].
As previously reported, the only agent of nosemosis in Iran
was N. apis [11,12]. It was assumed that the only agent of honey
bees infection was N. apis. According to the reports, the
incidence of colony depopulation and high prevalence of
nosemosis, with different clinical and epidemiological patterns
in Iran may potentially be due to this addition species [4].
N. ceranae spores are oval and rather uniform in shape. Its
size is revealed by light microscopy. Since species of Micro-
sporidia are often difﬁcult to distinguish using morphological
criteria, a quick and accurate molecular genetics method for the
identiﬁcation of Nosema is important [1].
In different geographical regions, infections with N. ceranae
have different colony level effects. The seasonal variations and
gross colony level symptoms described for N. apis seem not to
be present in N. ceranae. There are differences between the two
parasites, but virulence differences remain conclusively veriﬁed.
The spores of N. ceranae appear to be much vulnerable than
those of N. apis, in particular when freezing, and the apparent
replacement of N. apis for N. ceranae remains enigmatic [25].
The results of this study showed that N. ceranae was the only
Nosema species found to infect European honey bees in prov-
inces of Isfahan, Fars and Chaharmahal and Bakhtiari.
Therefore, further studies are required to determine the
prevalence and distribution of N. ceranae in other provinces [4].
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